Whole Car Side Impact Mode and Response Evaluation  by Zhao, Guangyao et al.
Procedia Engineering 29 (2012) 2667 – 2671
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2012.01.369
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com




2012 International Workshop on Information and Electronics Engineering (IWIEE) 
Whole Car Side Impact Mode and Response Evaluation 
Guangyao Zhaoa*, Yifeng Zhaob, Xuejiao Lia,
aSchool of Mechanical Engineering & Automation Northeastern University,Shenyang 110004,China 
bShanghai GM (Shenyang) Norsom Motors Company LTD. ,Shenyang 110044, China 
Abstract 
In this paper, a certain type of car’s side impact performance is discussed. The purpose is to express the relationship 
of the side impact response and safety. First, A certain car’s Finite Element Model (FEM) is established which is 
based on a logical method to solve the problem during the modeling process; Then, analysis the evaluation indexes of 
side impact safety, traces the designing and manufacturing process, got the side impact feature and point test data of 
this type of car, and verified the practicability of simulation result in the car developing process. Finally, express the 
connection between the side impact response and safety of this car, aiming at discussing the effective method of 
whole car side impact mode and response evaluation. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
In various traffic accidents, side impact is the form of the highest mortality. In period of development 
stage of the car, it is very important problems to the vehicle industry that the side impact crashworthiness 
is forecasted by CAE modelling and analysis methods. Based on the analysis process of the whole car side 
impact performance in the CAE developing process of a certain type car, the paper expounds on the 
problem solving principle and method for the whole car side impact FEM simulation. 
The modelling of car side impact FEM should take into consideration the factors that influence side 
impact response [1]. The whole car modelling quality depends upon the modelling methods of its 
subsystem and main parts, which, in turn, depends upon its structural features and response features in the 
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impact process. Generally speaking, the modelling of side impact consists of four parts. The first is the 
body thin-walled package. The second is the car chassis and power train system. The third is body 
accessories. Seats and interior decoration consist of the fourth part.The assembly of the whole car may be 
carried out according to the procedures of car manufacture, from the connection of sub-assemblies and the 
packaging of every sub-assembly to the whole car modeling. The assemblage of the whole car model is 
realized through adding related connection units or constraints at the connecting points. Finally, make sure 
boundary conditions and all kinds of contact problems between the impact parts [2]. 
2. Establishment of side impact model 
The modelling of this paper uses Hypermesh software. For effective and accurate modelling, it adopts 
the method of establishing respective LS-DYNA key documents [3] for the sub-systems. The sub-systems 
of the model (as shown in Fig. 1) include BIW system, closure system, chassis system, steering system, 
power train system, interior-exterior decoration system and safety system. The whole car model includes 
99426 nodes, 1091149 units, 3549 solder joints. Its weight with full equipments is 1115kg.  
Fig. 1. The systems of FEA vehicle configuration 
In this paper, the connection of parts is realized through spot welding and arch welding. The choosing 
of solder joints in the mode is mainly based on the decomposition chart of the parts and takes the 
procedure requirement of spot welding into consideration. The practical connection of doors and endplate 
is pressing techniques and is realized through node constraints in the modelling process. For other 
connections (such as riveting, bolt coupling, door hinge, etc.) which are significant in the impact 
simulation, the connection of riveting and bolt coupling belongs to rigid connection; the installing of door 
glass is simulated through spot welding, and there is large distance between every two joints; the 
modelling of door hinge takes entity unit. The unit types of FEM in the side impact include shell element, 
entity unit, beam element, quality unit and spring/damping unit. Besides, other types of models are 
involved, such as rigid model, solder joint model, rigid constraint, hinge constraint, tire model, etc. 
3. Verification and Evaluation of Side Impact Simulation 
The simulation result is usually evaluated through the means of qualitative and quantitative methods 
[3]. Qualitative method is to compare the deformation of impact area in the simulation, the impact 
features of main parts, as well as the movement of the car and mobile deformable barrier after the impact. 
In contrast, quantitative evaluation focuses on comparison of the deformation of barrier, the deformation 
amount of pillar B and different parts of the doors, the acceleration, as well as the injury index of the 
dummy [4].The impact simulation is carried out according to the “Passenger Protection in Automobile 
Side Impact” (GB20071–2006) [5]. The impact position is the surface overlapped by the vertical axis 
plane perpendicular of the mobile deformable barrier and the cross section of Point R on the front seat in 
the impact. The ground is simulated by establishing the rigid wall. The car is static state; the initial 
velocity of the barrier is 50km/h (as shown in Fig.2a). When the impact is completed, the total energy and 
kinetic energy of the system take up about 47.5% respectively. The other energies are internal energy and 
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hourglass energy. In midst, the hourglass energy takes up only 5% of the total energy (as shown in Fig. 
2b).  
Fig. 2. (a) The total vehicle impact FEA model configuration; (b) The system energy curves 
3.1. Deformation Comparison of the Body and Doors 
The comparison with the simulation and experiment for the body and door deformation is the most 
objective way to check up the result of body structure impact simulation. Fig.3 shows the simulation and 
experiment result of the whole car side impact. It is clear that the deformation position and feature in the 
simulation are the same with those in the experiment—the place above the threshold undergoes major 
deformation; the front fenders almost keep unchanged; the doors undergo minor deformation; Pillar B is 
not deformed much; the crashworthiness is all right.
Fig. 3. (a)The vehicle side impact simulation result; (b) The vehicle side impact testing result 
The two sides place of the impact barrier and Pillar B undergoes severe deformation. The deformation 
result of the simulation is the same with that of the experiment (as shown in Fig. 4).
Fig. 4. (a) The side barrier deformation in simulation; (b) The side barrier deformation in testing 
 3.2. Comparison of body acceleration 
Fig. 5a is the acceleration-time response comparison of the upper place of Pillar B. The value in the 
peak time (39.6ms) in the experiment is 18.6g. The value in the peak time (34.7ms) in the simulation is 
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17.7g. Fig. 5b is the acceleration response comparison of the middle channel. The first peak of 
acceleration in the experiment is -15.1g, while that in the simulation is -14.8g. The point-in-time of the 
two are almost the same. The greatest value of acceleration in the experiment is 19.1g, while that in the 
simulation is 18.4g. 
Fig. 5. (a) The left B pillar lower acceleration compare; (b) the middle channel acceleration compare  
The changes of the acceleration curve in the inspection points are basically the same. The peak value 
and place differ slightly—the value in simulation is lower than that in experiment. To some extent, the 
time difference between experiment and simulation is caused by the unstable factors of the model, such as 
contact failure. The lower value in simulation is probably caused by the neglect of some solder joints, the 
low quality of solder joints, the inefficient simulation methods of solder joints, or the neglect of the 
influence of body accessory weights. Generally speaking, the experiment result and simulation result 
basically agree with each other. The result of simulation may be used as the evaluation basis for the side 
impact of the car.
3.3. Intrusion and intrusion velocity 
In side impact, the injury to people is mainly caused by the intrusion of the door and Pillar B. The 
direct contact between a person and the decoration of Pillar B will decide his injury extent especially 
when the seat and Pillar B are in the same direction. Therefore, in simulation, the intrusion and intrusion 
velocity of Pillar B as well as the deformation mode of Pillar B should be measured. Meanwhile, the front 
door intrusions should also be measured. Through the simulation, the greatest intrusions of the upper, 
middle and lower parts of inside plate of Pillar B are 24mm, 73mm and 34mm respectively, which take 
place at 55ms. (as shown in Fig.6a) The greatest intrusion velocity of the upper, middle and lower parts of 
inside plate of Pillar B are 5.2m/s, 5.4m/s and 6.6m/s respectively, which take place between 30ms and 
65ms. (as shown in Fig.6b). 
Fig. 6. (a) The B pillar upper, middle and lower intrusions; (b) the B pillar upper, middle and lower intrusion velocity  
2671Guangyao Zhao et al. / Procedia Engineering 29 (2012) 2667 – 2671 Guangyao Zhao, Yifeng Zhao, Xuejiao Li / Procedia Engineering 00 (2011) 000–000 5
The greatest intrusions of the front door waist and lower parts are 80mm and 92mm respectively, 
which take place at 55ms.  
3.4. Comparison of the dummy’s injury value 
Table 1 shows the comparison of dummy’s injury value between the simulation result and experiment 
result. As a whole, the two results are in agreement with each other.  
Table 1. The dummy injury values compare between simulation and testing 
Evaluation index The simulation value Test value 
HPC 456.33 497.65 
RDC 18.22 21.67 
VC 0.11 0.29 
PSPF 2.82 3.59 
APF 0.517 1.23 
4. Conclusion 
Taking a certain family-oriented car in a domestic auto enterprise, this paper studies the problems in 
side impact simulation mode, and analyzes the practicability of simulation response and related 
evaluation based on real data of this car. The conclusions are as follows:
(1) In order to achieve satisfactory simulation result of car side impact, it is of great importance to 
simplify the FEM reasonably according to the side impact features of the car as well as the manufacturing 
process of main parts which affect the car’s side impact safety; 
(2) The experiment of car side impact shows that the simulation result of this paper is of good value in 
side impact structure and safety evaluation; 
(3) Based on the requirement of C-NCAP on side impact, the type of car analyzed in this paper is of high 
side impact safety. Taking the cost and whole car light weight into consideration, it is necessary to make 
improvement to some structure of the body. 
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